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6KL 6KL  XVHG PRGH )5217,(5 D FRPPHUFLDOO\ DYDLODEOH RSWLPL]DWLRQ SURJUDP DQG LQWHJUDWHG HQHUJ\
VLPXODWLRQSURJUDP(QHUJ\3OXV WR VWXG\ WKH RSWLPDO LQVXODWLRQ VWUDWHJ\ IRU DQ/VKDSH RQH VWRU\EXLOGLQJ(VVLD
=QRXGD =QRXGD*KUDE0RUFRV	+DGM$ORXDQHKDYHGHYHORSHG DQRSWLPL]DWLRQ DOJRULWKPFRXSOLQJ WKH
JHQHWLF DOJRULWKPV¶ WHFKQLTXHV WR WKH WKHUPDO DVVHVVPHQW VLPSOLILHG WRRO IRU 0HGLWHUUDQHDQ EXLOGLQJV &+(236
&KURQLV &KURQLV /LDSL 	 6LEHWKHURV  LQWHJUDWHG FOLPDWLF DQG VLWH GDWD LQWR D G\QDPLF PRGHO RI D ODUJH
VWXGHQWKRXVLQJFRPSOH[SURMHFWXVLQJSDUDPHWULFDQGRSWLPL]LQJWHFKQLTXH
+LJKJOD]LQJUDWLRVIRUHDFKVLGHRIVLQJOHVNLQRIILFHEXLOGLQJVDUHGHVLJQHGE\DUFKLWHFWV WREHDLU\ OLJKWDQG
WUDQVSDUHQWZLWKPRUHDFFHVVWRGD\OLJKWEXWWKHLUHQHUJ\HIILFLHQF\KDVEHFRPHPRUHDQGPRUHTXHVWLRQHGDVWKHUH
LVULVNRIDKLJKWRWDOWKHUPDOHQHUJ\GHPDQG%DVHGRQWKHSUHVHQWVLWXDWLRQWKHREMHFWLYHRIWKLVVWXG\LVWRH[SORUH
WKHXVHVRISDUDPHWULFGHVLJQPHWKRGLQDQRIILFHEXLOGLQJZKLFKKDVRQHZLQGRZRQHDFKZDOOZLWKDFRQVWDQWWRWDO
ZLQGRZDUHD7KHGHVLJQLVWRILQGWKHZLQGRZDUHDRQHDFKZDOOWRPLQLPL]HWKHHQHUJ\FRQVXPSWLRQDQGPD[LPL]H
WKHXVHIXOGD\OLJKWLOOXPLQDQFH
0HWKRGV
7KLV UHVHDUFK LV FODVVLILHG DV D VLPXODWLRQ DQGPRGHOLQJ UHVHDUFK 6LPXODWLRQ UHVHDUFK LQYROYHV FRQWUROOHG RI
VWXG\LQJWKHG\QDPLFLQWHUDFWLRQZLWKLQWKDWVHWWLQJ:HVHOHFW*UDVVKRSSHUDQGLWVSOXJLQODG\EXJDQGKRQH\EHHDV
WKHPRGHOLQJSURJUDPWRVWXG\WKHRIILFHEXLOGLQJGHVLJQZLWKVLPXODWLRQDQDO\VLVWHFKQRORJ\DQGXVHWKH*DODSDJR
WR DFKLHYH WKH FRQWURO RI RSWLPL]DWLRQ 7KH JUDVVKRSSHU LV D JUDSKLFDO DOJRULWKP HGLWRU WLJKWO\ LQWHJUDWHG ZLWK
5KLQR¶V'PRGHOLQJ WRROV/DG\EXJDQG+RQH\EHH5RXGVDULDUH WZRRSHQVRXUFHHQYLURQPHQWDOSOXJLQV
IRU *UDVVKRSSHU WR KHOS GHVLJQHUV FUHDWH DQ HQYLURQPHQWDOO\FRQVFLRXV DUFKLWHFWXUDO GHVLJQ /DG\EXJ LPSRUWV
VWDQGDUG(QHUJ\3OXV:HDWKHU ILOHV (3: LQWR*UDVVKRSSHUDQGSURYLGHVDYDULHW\RI' LQWHUDFWLYHJUDSKLFV WR
VXSSRUW WKH GHFLVLRQPDNLQJ SURFHVV GXULQJ WKH LQLWLDO VWDJHV RI GHVLJQ +RQH\EHH FRQQHFWV *UDVVKRSSHU' WR
(QHUJ\3OXV 5DGLDQFH 'D\VLP DQG 2SHQ6WXGLR IRU EXLOGLQJ HQHUJ\ DQG GD\OLJKWLQJ VLPXODWLRQ7KH +RQH\EHH
SURMHFW LQWHQGV WR PDNH PDQ\ RI WKH IHDWXUHV RI WKHVH VLPXODWLRQ WRROV DYDLODEOH LQ D SDUDPHWULF ZD\
*DODSDJRV5XWWHQ  LV D PRGXOH RI JUDVVKRSSHU ZKLFK SURYLGHV D JHQHULF SODWIRUP IRU WKH DSSOLFDWLRQ RI
(YROXWLRQDU\ $OJRULWKPV WR EH XVHG RQ D ZLGH YDULHW\ RI SUREOHPV E\ QRQSURJUDPPHUV *DODSDJRV KDV WKH
DGYDQWDJHVRIVLPSOHRSHUDWLRQIDVWVSHHGRIFDOFXODWLRQUHVXOWV,WDOORZVWKHVHDUFKIRURQHJRDODWRQFHSURGXFLQJ
DUDQJHRIRSWLPL]HGVROXWLRQV


 
)LJ/DG\EXJDQG+RQH\EHHZRUNVFKHPH6RXUFHKWWSZZZJUDVVKRSSHUGFRPJURXSODG\EXJ
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$OJRULWKPGHYHORSPHQWRIGD\OLJKWDQDO\VLV
3.1. Introduction  
8VLQJQDWXUDOOLJKWLQJDVSDUWRIDQLQWHJUDWHGDQGFRQWUROOHGOLJKWLQJVWUDWHJ\LVDNH\FRPSRQHQWRIDVXVWDLQDEOH
HQYLURQPHQWDODSSURDFKWRJUHHQDUFKLWHFWXUDOGHVLJQVLQFHLWSURYLGHVSK\VLFDOOLJKWLQJDQGRIIHUVVSLULWXDOYDOXHVDV
ZHOO 1DWXUDO OLJKWLQJ RIIHUV HQYLURQPHQWDO EHQHILWV LQ WHUPV RI VRODU JDLQ UHGXFHG HQHUJ\ ORVVHV DQG QDWXUDO
YHQWLODWLRQ6KDUSOHV 	 /DVK  (YHQ PRUH VR RQH RI WKH PRVW FRVWHIIHFWLYH ZD\V WR UHGXFH HQHUJ\
FRQVXPSWLRQLQQRQUHVLGHQWLDOEXLOGLQJVDUHWKHUHSODFHPHQWRIHOHFWULFOLJKWZKLFKFRQWULEXWHVDERXWRQHWKLUGRI
WKHFRPPHUFLDOEXLOGLQJHQHUJ\XVHZLWKGD\OLJKW'H.D\7KHUHKDYHWZRFDVHZLOOEHVKRZQLQQH[W
&DVH$7KHGHVLJQSUREOHPLVFRQVLGHUHGDVLPSOHER[VKDSHRIILFHEXLOGLQJZLWKWKUHHGLPHQVLRQVRIPhP
hPORFDWHGLQ%HLMLQJ&KLQD7KHWRWDOZLQGRZDUHDRQIRXUZDOOVLVVHWWREH΃DFFRUGLQJWRWKHDUHDUDWLRRI
ZLQGRZ WR IORRU VKRXOG QRW EH OHVV WKDQ -*-  7KH EXLOGLQJ KDV RQH ZLQGRZ RQ HDFK ZDOO ZLWK D
FRQVWDQW WRWDO ZLQGRZ DUHD DV VKRZQ LQ )LJ /HIW 7KH GHVLJQ LV WR ILQG WKH ZLQGRZ DUHD RQ HDFK ZDOO WR
PD[LPL]HWKHXVHIXOGD\OLJKWLOOXPLQDQFHWKHSHUFHQWDJHRIWKHWLPHWKDWWKHYDOXHLVPRUHWKDQO[DFFRUGLQJWR
WKHDYHUDJHGD\OLJKWLOOXPLQDQFHRIRIILFHEXLOGLQJLQPPDERYHWKHIORRULVQRWOHVVWKDQO[
&DVH%7KHGHVLJQSUREOHPLVFRQVLGHUHGDVLPSOHER[VKDSHRIILFHEXLOGLQJZLWKWKUHHGLPHQVLRQVRIPhP
hP ORFDWHG LQ%HLMLQJ&KLQD7KHEXLOGLQJKDVRQHZLQGRZRQ WKH VRXWKZDOO LV VHW WREH΃  DV VKRZQ LQ
)LJ5LJKWDFFRUGLQJWRWKHDUHDUDWLRRIZLQGRZWRIORRUVKRXOGQRWEHOHVVWKDQDVWDQGDUGUHTXLUHPHQWLQ
&KLQHVH'HJLQFRGHIRURIILFHEXLOGLQJ-*-7KHGHVLJQLVWRILQGWKHZLQGRZGHVLJQKHLJKWDQGZLGWKWR
PD[LPL]HWKHXVHIXOGD\OLJKWLOOXPLQDQFHWKHSHUFHQWDJHRIWKHWLPHWKDWWKHYDOXHLVPRUHWKDQO[DFFRUGLQJWR
WKH DYHUDJHGD\OLJKW LOOXPLQDQFHRIRIILFHEXLOGLQJ LQPPDERYH WKH IORRU LVQRW OHVV WKDQO[ D VWDQGDUG
UHTXLUHPHQWLQ&KLQHVH6WDQGDUGIRUWKHOLJKWLQJGHVLJQRIEXLOGLQJV*%ˉ



)LJ$VLPSOHER[VKDSHRIILFHEXLOGLQJ

3.2. Work process 
7KHSURJUDPLVFUHDWHG LQSDUDPHWULFVR WKHGD\OLJKWDQDO\VLVSURFHVVKDVD OLQN WR WKHPRYHPHQWRI WKHPDLQ
SDUDPHWHUV LQ WKH RYHUDOO V\VWHP 7KHZRUN SURFHVV LOOXVWUDWHG LQ )LJ JHQHUDOO\ FRQVLVWHG RI IRXUPDLQ VWHSV
0RGHO$ VLPSOH ER[ VKDSH RIILFH EXLOGLQJZLWK WKUHH GLPHQVLRQV RI PîPîP DQG PîPîPZDV FUHDWHG
6LPXODWLRQFRQGLWLRQV:HDWKHUILOH5DGLDQFHPDWHULDODQG*DODSDJRVVHWWLQJVDUHQHHGHGIRUVLPXODWLQJ6LPXODWH
$G\QDPLFGD\OLJKWVLPXODWLRQZDVFDUULHGRXWWRJHWWKHSHUFHQWDJHRIWKHWLPHWKDWWKHYDOXHLVPRUHWKDQO[
&ROOHFWLRQ 1XPHULF GDWD RI WKH GD\OLJKW DXWRQRP\ LQ WHVW SRLQWV ZHUH ZULWWHQ IRU 0LFURVRIW ([FHO IRU IXUWKHU
HYDOXDWLRQ7KHDOJRULWKPSURJUDPRILOOXPLQDQFHDQDO\VLVLVVKRZQLQ)LJDQG)LJ

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
)LJ7KHZRUNSURFHVVRILOOXPLQDQFHDQDO\VLVLQ/DG\EXJ+RQH\EHH



)LJ7KHDOJRULWKPSURJUDPRILOOXPLQDQFHDQDO\VLV
0RGHOSUHSDUDWLRQ+RQH\EHH6XUIDFHVDQG+RQH\EHH=RQHV
+RQH\EHHJOD]LQJ
7HVW*ULGSUHSDUDWLRQ
5XQWKHVLPXODWLRQ
5DGLDQFHPDWHULDO
5HVXOWYLVXDOL]DWLRQ
7KHGDWDFROOHFWLRQ
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
)LJ7KHDOJRULWKPSURJUDPRILOOXPLQDQFHDQDO\VLV

3.3. Results and analysis 
 &DVH$ )LJ LV WKH SHUFHQWDJH RI  WKH WLPH WKDW WKH LOOXPLQDQFH LVPRUH WKDQ /[ EDVHG RQ WHVW SRLQWV
FKDQJHVGXULQJ WKHRSWLPL]DWLRQSURFHVV)LJ)LJ)LJDQG)LJ VKRZV WKHFKDQJLQJSURFHVVRI WKH
ZLQGRZ DUHDV RI WKH VRXWK HDVWZHVW DQG QRUWK ,W LV FOHDU EDVHG RQ )LJ WKDW WKH SHUFHQWDJH JHQHUDWH WR D
PD[LPXPYDOXHGXULQJWKHRSWLPL]DWLRQSURFHVV7KHGHVLJQHUFDQVHOHFWWKHEHVWZLQGRZGHVLJQVWUDWHJ\EDVHGRQ
WKHRSWLPDO,QWKLVFDVHDIWHUDERXWVWHSVRIFDOFXODWLQJDQGRSWLPL]LQJSURFHVVWKHVROXWLRQLQVWHSKDV
WKHPD[LPXPSHUFHQWDJHRI  WKH WLPH WKDW WKH OXPLQDQFH LVPRUH WKDQ/[ LV ,WV FRUUHVSRQGLQJZLQGRZ
GHVLJQLV΃IRUWKHVRXWKZLQGRZ΃IRUWKHHDVWZLQGRZ΃IRUWKHZHVWZLQGRZDQG΃IRU
WKHQRUWKZLQGRZ7DEOH  

0RGHOSUHSDUDWLRQ+RQH\EHH6XUIDFHVDQG+RQH\EHH=RQHV
+RQH\EHHJOD]LQJ
7HVW*ULGSUHSDUDWLRQ
5XQWKHVLPXODWLRQ
5DGLDQFHPDWHULDO
5HVXOWYLVXDOL]DWLRQ
7KHGDWDFROOHFWLRQ
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
)LJ,OOXPLQDWLRQRSWLPL]DWLRQSURFHVV
 
)LJ7KHFKDQJLQJSURFHVVRIWKHZLQGRZDUHDVRIWKHVRXWK)LJ7KHFKDQJLQJSURFHVVRIWKHZLQGRZDUHDVRIWKHHDVW

 
)LJ7KHFKDQJLQJSURFHVVRIWKHZLQGRZDUHDVRIWKHZHVW)LJ7KHFKDQJLQJSURFHVVRIWKHZLQGRZDUHDVRIWKHQRUWK


7DEOH7KHZLQGRZDUHDRIHDFKZDOOWRPD[LPL]HWKHXVHIXOGD\OLJKWLOOXPLQDQFH
6WHS 6RXWKDUHD΃ (DVWDUHD΃ :HVWDUHD΃ 1RUWKDUHD΃
    

&DVH%)LJ LV WKH SHUFHQWDJH RI  WKH WLPH WKDW WKH LOOXPLQDQFH LVPRUH WKDQ/[EDVHGRQ WHVW SRLQWV
FKDQJHVGXULQJWKHRSWLPL]DWLRQSURFHVV)LJVKRZVWKHFKDQJLQJSURFHVVRIWKHZLGWKDQGKHLJKWRIWKHVRXWK
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7KHVROXWLRQLQVWHSKDVWKHPD[LPXP
SHUFHQWDJHLV
7KHVRXWKDUHDRIWKHZLQGRZDW
VWHSLV΃
7KHHDVWDUHDRIWKHZLQGRZDWVWHS
LV΃
7KHZHVWDUHDRIWKHZLQGRZDWVWHS
LV΃ 7KHQRUWKDUHDRIWKHZLQGRZDW
VWHSLV΃
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ZLQGRZ ,W LV FOHDU EDVHG RQ )LJ WKDW WKH SHUFHQWDJH JHQHUDWH WR DPD[LPXPYDOXH GXULQJ WKH RSWLPL]DWLRQ
SURFHVV7KHGHVLJQHUFDQVHOHFWWKHEHVWZLQGRZGHVLJQVWUDWHJ\EDVHGRQWKHRSWLPDO,QWKLVFDVHDIWHUDERXW
VWHSVRIFDOFXODWLQJDQGRSWLPL]LQJSURFHVVWKHVROXWLRQLQVWHSKDVWKHPD[LPXPSHUFHQWDJHRIWKHWLPHWKDW
WKH LOOXPLQDQFH LVPRUH WKDQ/[ LV ,WV FRUUHVSRQGLQJ WKH VRXWKZLQGRZKHLJK LVPDQGZLGWK LV
P7DEOH,QWKLVFDVHLWLVFRQFOXGHGWKDWWKHYHUWLFDOZLQGRZLVEHWWHUWKDQKRUL]RQWDOZLQGRZ

  
)LJ,OOXPLQDWLRQRSWLPL]DWLRQSURFHVV)LJ7KHFKDQJLQJSURFHVVRIWKHKHLJKWDQGZLGWKRIWKHZLQGRZ

7DEOH7KHKHLJKWDQGZLGWKRIWKHZLQGRZWRPD[LPL]HWKHXVHIXOGD\OLJKWLOOXPLQDQFH
6WHS :LQGRZZLGWKP :LQGRZKHLJKWP
  

$OJRULWKPGHYHORSPHQWRIHQHUJ\DQDO\VLV
4.1. Introduction  
7KH GHVLJQ SUREOHP LV FRQVLGHUHG D VLPSOH ER[ VKDSH RIILFH EXLOGLQJZLWK WKUHH GLPHQVLRQV RI PîPîP
ORFDWHG LQ %HLMLQJ &KLQD 7KH WRWDOZLQGRZ DUHD RQ IRXUZDOOV LV VHW WR EH ΃ DFFRUGLQJ WR WKH DUHD UDWLR RI
ZLQGRZWRIORRUVKRXOGQRWEHOHVVWKDQDVWDQGDUGUHTXLUHPHQWLQ&KLQHVH'HJLQFRGHIRURIILFHEXLOGLQJ-*-
7KHEXLOGLQJKDVRQHZLQGRZRQHDFKZDOOZLWKDFRQVWDQWWRWDOZLQGRZDUHDDVVKRZQLQ)LJOHIW7KH
GHVLJQLVWRILQGWKHZLQGRZDUHDRQHDFKZDOOWRPLQLPL]HWKHDQQXDOHQHUJ\FRQVXPSWLRQ

4.2. Work process 
 7KHZRUNSURFHVV LOOXVWUDWHG LQ)LJJHQHUDOO\ FRQVLVWHGRI IRXUPDLQ VWHSV 0RGHO$ VLPSOHER[ VKDSH
RIILFHEXLOGLQJZLWKWKUHHGLPHQVLRQVRIPîPîPZDVFUHDWHG6LPXODWLRQFRQGLWLRQV:HDWKHUILOH(QHUJ\3OXV
PDWHULDO(QHUJ\3OXVFRQVWUXFWLRQDQG*DODSDJRVVHWWLQJVDUHQHHGHGIRUVLPXODWLQJ6LPXODWH$G\QDPLFHQHUJ\
VLPXODWLRQZDVFDUULHGRXWWRPLQLPL]HWKHDQQXDOHQHUJ\FRQVXPSWLRQ&ROOHFWLRQ1XPHULFGDWDRIWKHUHVXOWVRI
WKH(QHUJ\3OXVVLPXODWLRQZHUHZULWWHQIRU0LFURVRIW([FHOIRUIXUWKHUHYDOXDWLRQ7KHDOJRULWKPSURJUDPRIHQHUJ\
DQDO\VLVLVVKRZQLQ)LJ
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7KHVROXWLRQLQVWHSKDVWKHPD[LPXP
SHUFHQWDJHLV
7KHKHLJKWDQGZLGWKRIWKHZLQGRZ
DWVWHSLVPDQGP
KHLJKW
ZLGWK
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
)LJ7KHZRUNSURFHVVRIHQHUJ\DQDO\VLVLQ/DG\EXJ+RQH\EHH



)LJ7KHDOJRULWKPSURJUDPRIWRWDOWKHUPDOHQHUJ\DQDO\VLV
4.3. Construction and material 
:HFKRRVHWKHFRQVWUXFWLRQDQGPDWHULDOWKDWDUHFRPPRQO\XVHG0DLQLQFOXGLQJZDOOIORRUURRIZLQGRZ
7DEOHLVWKH(QHUJ\3OXVFRQVWUXFWLRQ7DEOHLVWKHSDUDPHWHUVRI(QHUJ\3OXVPDWHULDOV
0RGHOSUHSDUDWLRQ+RQH\EHH6XUIDFHVDQG+RQH\EHH=RQHV
+RQH\EHHJOD]LQJ
5XQWKHVLPXODWLRQ
&RQVWUXFWLRQDQGPDWHULDO
(QHUJ\3OXV]RQHORDGV 7KHGDWDFROOHFWLRQ
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7DEOH7KH(QHUJ\3OXVFRQVWUXFWLRQ
$6+5$((;7522),($'&/,0$7(=21( 1DPH $6+5$($77,&)/225&/,0$7(=21( 1DPH
5RRI0HPEUDQH /D\HU ,1*\SVXP /D\HU
,($'1RQ5HV5RRI,QVXODWLRQ /D\HU $WWLF)ORRU1RQ5HV,QVXODWLRQ /D\HU
0HWDO'HFNLQJ /D\HU ,1*\SVXP /D\HU
$6+5$((;7:$//0$66&/,0$7(=21( 1DPH $6+5$((;7:,1'2:&/,0$7(=21( 1DPH
,16WXFFR /D\HU )L[HG:LQGRZ /D\HU
,1&21&5(7(+:5HI%OGJ /D\HU
0DVV1RQ5HV:DOO,QVXODWLRQ /D\HU
,1*\SVXP /D\HU


7DEOH7KHSDUDPHWHUVRI(QHUJ\3OXVPDWHULDOV
,1
6WXFFR
5RRI
0HPEUDQH
,1&21&5(7(
+:5HI%OGJ
,($'1RQ5HV5RRI
,QVXODWLRQ
0DVV1RQ5HV:DOO
,QVXODWLRQ 0DWHULDO7\SH
6PRRWK 9HU\5RXJK 5RXJK 0HGLXP5RXJK 0HGLXP5RXJK 5RXJKQHVV
     7KLFNQHVV^P`
     &RQGXFWLYLW\^:P.`
     'HQVLW\^NJP`
     6SHFLILF+HDW^-NJ.`
     7KHUPDO$EVRUSWDQFH
     6RODU$EVRUSWDQFH
     9LVLEOH$EVRUSWDQFH
)L[HG
:LQGRZ 0DWHULDO7\SH 0HWDO'HFNLQJ ,1*\SVXP
$WWLF)ORRU1RQ5HV
,QVXODWLRQ 0DWHULDO7\SH
 8)DFWRU^:P.` 0HGLXP6PRRWK 6PRRWK 0HGLXP5RXJK 5RXJKQHVV
 6RODU+HDW*DLQ&RHIILFLHQW    7KLFNQHVV^P`
 9LVLEOH7UDQVPLWWDQFH   
&RQGXFWLYLW\
^:P.`
   'HQVLW\^NJP`
 
   6SHFLILF+HDW^-NJ.`
 
   7KHUPDO$EVRUSWDQFH
 
   6RODU$EVRUSWDQFH
     9LVLEOH$EVRUSWDQFH
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4.4. Results and analysis 
)LJLVWKHWRWDOWKHUPDOHQHUJ\FRQYHUJHVWRDPLQLPXPYDOXHGXULQJWKHRSWLPL]DWLRQSURFHVV)LJ)LJ
 )LJ DQG)LJ VKRZV WKH FKDQJLQJ SURFHVV RI WKHZLQGRZ DUHDV RI WKH VRXWK HDVWZHVW DQG QRUWK7KH
GHVLJQHU FDQ VHOHFW WKHEHVWZLQGRZGHVLJQ VWUDWHJ\EDVHGRQ WKHRSWLPDO ,Q WKLV FDVH DIWHU DERXW VWHSVRI
FDOFXODWLQJDQGRSWLPL]LQJSURFHVVWKHVROXWLRQLQVWHSKDVWKHPLQLPXPYDOXHLV-,WVFRUUHVSRQGLQJ
ZLQGRZGHVLJQLV΃IRUWKHVRXWKZLQGRZ΃IRUWKHHDVWZLQGRZ΃IRUWKHZHVWZLQGRZDQG
΃IRUWKHQRUWKZLQGRZ7DEOH,QWKLVFDVHLWLVFRQFOXGHGWKDWWKHDUFKLWHFWFDQPDNHDSUDFWLFDOGHFLVLRQ
RIQRWGHVLJQLQJDQ\ZLQGRZRQWKHHDVWDQGZHVWVLQFHWKHDUHDLVDSSUR[LPDWHO\]HURDQGGHVLJQLQJWKHRWKHUWZR
ZLQGRZV LV VKRZQ DERYH 7KH ILQDO GHVLJQ PD\ QRW EH VWULFWO\ RSWLPDO EXW VKRXOG EH VDWLVIDFWRULO\ FORVH DQG
SUDFWLFDO


)LJ7RWDOWKHUPDOHQHUJ\RSWLPL]DWLRQSURFHVV

 
)LJ7KHFKDQJLQJSURFHVVRIWKHZLQGRZDUHDVRIWKHVRXWK)LJ7KHFKDQJLQJSURFHVVRIWKHZLQGRZDUHDVRIWKHHDVW
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
7KHWRWDOWKHUPDOHQHUJ\DWVWHS
LV-
7KHVRXWKDUHDRIWKHZLQGRZDW
VWHSLV΃
7KHHDVWDUHDRIWKHZLQGRZDWVWHS
LV΃
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 
)LJ7KHFKDQJLQJSURFHVVRIWKHZLQGRZDUHDVRIWKHZHVW)LJ7KHFKDQJLQJSURFHVVRIWKHZLQGRZDUHDVRIWKHQRUWK

7DEOH7KHZLQGRZDUHDRIHDFKZDOOWRPLQLPL]HWKHWRWDOWKHUPDOHQHUJ\
6WHS 6RXWKDUHD΃ (DVWDUHD΃ :HVWDUHD΃ 1RUWKDUHD΃
    
 
&RQFOXVLRQV
,QWKLVSDSHUZHLQWURGXFHGDUFKLWHFWXUDOVLPXODWLRQDQDO\VLVWHFKQRORJ\DQGSDUDPHWULFRSWLPL]DWLRQWHFKQRORJ\
WRDXWRPDWLFDOO\JHQHUDWHDQGVLPXODWHQHZGHVLJQV8VLQJDQRIILFHEXLOGLQJLQ%HLMLQJ&KLQDDVDQH[DPSOHZH
KDYHGHPRQVWUDWHGKRZWRLQWHJUDWH(QHUJ\3OXVDQG5DGLDQFHLQWRWKHRSWLPL]DWLRQVRIWZDUHWRROWRVHDUFKIRUWKH
ZLQGRZDUHDRQHDFKZDOOWRPLQLPL]HWKHWRWDOWKHUPDOHQHUJ\DQGPD[LPL]HWKHXVHIXOGD\OLJKWLOOXPLQDQFH%\
XVLQJ WKHJHQHWLF DOJRULWKP WKHGHVLJQVZHUHDXWRPDWLFDOO\JHQHUDWHGDQGRSWLPL]HG7KHGHVLJQHU FDQ VHOHFW WKH
EHVW ZLQGRZ GHVLJQ VWUDWHJ\ EDVHG RQ WKH DOJRULWKP SURJUDP RI LOOXPLQDQFH DQG HQHUJ\ DQDO\VLV )URP WKH
SHUVSHFWLYHRIPLQLPL]LQJ WKHDQQXDO WRWDO WKHUPDOHQHUJ\ WKHEHVWRULHQWDWLRQ LVVRXWK IROORZHGE\QRUWK7KDW
V
EHFDXVH%HLMLQJ LV KRW LQ VXPPHUDQG FROG LQZLQWHU WKHKHDWLQJHQHUJ\QHHGHG LVPRUH WKDQ WKHFRROLQJ HQHUJ\
QHHGHG 7KH UHDVRQDEOH ZLQGRZ GHVLJQ VWUDWHJ\ LV FRQGXFLYH WR LPSURYH WKH SHUFHQWDJH RI WKH XVHIXO GD\OLJKW
LOOXPLQDQFHWKHUHVXOWLVVKRZQLQ7DEOH,QWHUPVRIWKHSHUFHQWDJHRIWKHWLPHWKDWWKHYDOXHLVPRUHWKDQ/[
ZLWKWKHVDPHZLQGRZDUHDDQGVDPHVLOOKHLJKWYHUWLFDOZLQGRZKDVWKHKLJKHVWSHUFHQWDJHVTXDUHZLQGRZLVWKH
VHFRQGKRUL]RQWDOZLQGRZLV WKHPLQLPXP:HEHOLHYH WKDWXVLQJWKHDUFKLWHFWXUDO VLPXODWLRQDQDO\VLV WHFKQRORJ\
DQGSDUDPHWULFRSWLPL]DWLRQWHFKQRORJ\LQHDUO\GHVLJQVWDJHFDQJUHDWO\LPSURYHWKHTXDOLW\RIGHVLJQDQGSURYLGHD
JHQHUDWLRQRISUDFWLFDOJOREDORSWLPL]DWLRQDQGVROXWLRQVWUDWHJ\IRUEXLOGLQJGHVLJQIRUGLIIHUHQWPDMRUV

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